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The chrysotile deposit at Woodsreef lies within the Great Serpentinite Belt, in the Southern
172
New England Fold Belt of northeastern New South Wales, Australia. The ultramafic rocks at
173
Woodsreef have been variably serpentinised and contain partially serpentinised harzburgite as 174 well as massive and schistose serpentinite (Glen and Butt, 1981) . The massive serpentinite 175 has formed from partially serpentinised harzburgite by the transformation of forsterite and 176 pyroxene minerals into serpentine phases and magnetite (Glen and Butt, 1981; O'Hanley and 177 Offler, 1992; Oskierski et al., 2013) . Large bodies and small kernels of partially serpentinised 178 harzburgite still remain within the massive and schistose serpentinites, which host the 179 chrysotile [Mg3Si2O5(OH)4] deposit (Glen and Butt, 1981) .
180
The Woodsreef Chrysotile Mine is located approximately 500 km northwest of Sydney in
181
New South Wales, Australia (Fig. 1) . The now derelict site occupies approximately 400 ha, (Assargiotis, 2013; Merrill et al., 1980; Oskierski et al., 186 2013; Woodsreef Taskforce, 2011). The Woodsreef tailings have since been investigated as a 187 potential resource for nickel (Ni), chromium (Cr), magnetite, magnesium and silica (Kmetoni, 188 1984; Laughton and Green, 2002; Sylvester and Stagg, 2008) . Passive carbonation of tailings 189 at Woodsreef has been occurring over the past three decades (Oskierski et al., 2013; Turvey 190 et al., 2017) , resulting in the sequestration of an estimated 1,400 t of CO2 within the 191 hydromagnesite crusts located in the upper 2 cm of the tailings pile, and up to 70,000 t of 192 CO2 stored within pyroaurite at depth, although questions remain about source of carbon in 193 this phase (Oskierski et al., 2013) . Table S1 . Water samples were also collected from each of the four mine pits, passed through 202 0.2 µm syringe driven filters and preserved to pH < 2 by addition of a few drops of nitric acid 
HCO3
-by titration, SO4 2-by ICP-AES). The pH of the pit lake water was measured in the 206 field using a calibrated pH meter (Thermo Scientific Orion 5 Star). 
Elemental analysis

208
The concentrations of a suite of dissolved trace elements (As, Ba, Be, Ca, Co, Cr, Cu, Mn, Ni, 209 Pb, V, Zn, Fe) within the mine pit water samples were determined using Inductively Coupled 210
Plasma-Mass Spectrometry (ICP-MS) at the ALS Group Environmental Division
211
laboratories (Brisbane, Queensland) . Bulk elemental analysis of solid phase samples was 212 completed using X-ray Fluorescence (XRF), and total C and S concentrations were 213 determined using a LECO instrument at SGS Australia (Newburn, Western Australia). 
X-ray diffraction analysis
215
Solid phase samples for X-ray diffraction (XRD) were pulverised using a ring mill prior to (Bish and Howard, 1988; Hill and Howard, 1987; Rietveld, 1969) 224 were completed using Topas Version 5 (Bruker AXS, 2004) . abundance data were collected using a Maia detector (Ryan et al., 2010; Ryan et al., 2014) 254 and the full spectrum of data were processed using the GeoPIXE software program (Ryan,
.
256
Cr K-edge XANES analysis was undertaken over a region of interest within a carbonate crust 257 sample (13WR2-8) over an energy range of 5.96 to 6.12 keV with a step size of 4 µm and a 258 dwell time of 8 ms. GeoPIXE was used to process the resulting data and to assess spatial 259 variations in oxidation state with spectra compared against published standards (Berry and Neill, 2004; Low et al., 2015; Vogel et al., 2014) . 
Results
262
Field site observations
263
Chrysotile was observed as exposed veins and forming slickensides in serpentinite and 264 partially serpentinised harzburgite in the mine pit walls and in cobbles from the waste rock
265
and tailings piles at the Woodsreef Mine (Fig. S1a,b exception of the sample taken from Lake 2 (Fig. 1) , which contains 0.002 mg/L Cu ( Table   280 S2). The pH of pit water ranges from 8.9 to 9.3 with an average value of 9.2 (Table S2) . 1992), and (2) the spinels, magnetite and chromite, could not be determined using XRD as a 307 result of their structural and compositional similarity (Turvey et al., 2017) . However, we 308 were able to confirm the presence of each of these four phases by textural observations (e.g.,
309
chrysotile fibres) and elemental analyses using SEM-EDS. Quantitative mineralogical results
310
are provided in Table S4 .
311
SEM-EDS analysis reveals that Cr is present at the greatest concentration in chromite grains, 312 many of which are intergrown with serpentine to resemble a myrmekitic texture (Fig. 2a) Ni are detectable in trace amounts (<1 wt. %) in some serpentine grains using EDS; however,
330
they are not observed in hydromagnesite above the detection limit of this technique. Trace
331
Mn is commonly detected in pyroaurite, whereas trace Co is observed in magnetite and 332 awaruite (~3 wt. %). are also interpreted to be trapped magnetite and awaruite grains (Fig. 3c , e, f). Fe 380 concentrations within the serpentine grain shown in Figure 3 (1.6 wt. % Fe, in Table 1) , and 381 the silicate mineral region highlighted in Figure 4 (1.0 wt.% Fe, in that form within pore spaces at the surfaces of serpentine grains (Fig. 3) and as evaporative crusts at the surface of the tailings storage facility at Woodsreef (Fig. 4) . The distribution of
515
Fe within hydromagnesite-rich cements appears to be a useful indicator of the extent of trace 516 metal mobilisation during weathering and carbonation reactions, as Fe and trace metals are 517 spatially associated, with different concentrations corresponding to mineralogy (Fig. 3, 4) . 2016; Mumpton and Thompson, 1966; Park and Fan, 2004; Schwertmann and Taylor, 1989) . Brent et al., 2015) , and a project based at an undisclosed cement plant in Québec,
576
Canada, which also uses serpentinite tailings material (Kemache et al., 2017) . In Iceland, in 577 situ CO2 injection has been trialled in mafic to ultramafic formations (Matter et al., 2011; 578 Matter et al., 2016; Okamoto et al., 2006) . Proposed in situ treatments include sulfuric acid 579 leaching of mine tailings to induce mineral carbonation (Power et al., 2010; McCutcheon et 580 al., 2015 McCutcheon et 580 al., , 2016 McCutcheon et 580 al., , 2017 
